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ABSTRACT

This work is concerned with enhancing dispersion in sprays and jets. This is
considered through adopting two approaches; dropiet clectrostatic charging and
noncircular injection nozzles. Regarding the first. spray bchavior under the
cffect of superimposed elcctrostatic  charge has  been  studicd  both
experimentally and computationally.  In the cxperimental work, liguid
atomization was achicved using an air assisted, single-hole atomizer. The liquid
is charged using inductive technique. The experimental test rig is cquipped
with all necessary injection components, charging facility and two-dimensional
traverse mechanism. Both the phase Doppler particle analyzer and CCD video
camcra were usced in the measurements.  Detailed measurements of the spray
droplet size distribution. liquid flux. spray conc angle and charging current
have been obtained.  The cffect of parameters such as charging current,
injection pressure and liquid viscosity have been considercd.  In the
computational study the governing equations for both gas and liquid phascs
‘have been solved using an arbitrary Lagrangian Lulerian algorithm. Complete
two-way coupling between the two phases is considered. A modified k-¢
model for the turbulence is used. The model considers the impact of the spray
droplcts on generation as well as destruction of the turbulence. Also the impact
of the mutual interaction between the spray droplets on their drag
characteristics is considered. Regarding the effect of the electrostatic charging
it is modcled through its impact on breakup and repulsion. Also its cliect on
~ the droplet probability density function is considered by adopting the concept
of the minimum cnergy theory. Both the design and operating parameters are
kept the same in both the experimental and computational studies to facilitate
the comparison. According to the obtained results it has been found that, both
the experimental and computational results are consistent. Also it has been
found that increasing the spray charge leads to a reduction in the droplet size as
well as the spray core flux. On the contrary, liquid axial flux increases at the
spray edge. Fine droplet concentration on the spray boundary increases due to
the created lateral flux and early breakup of droplets. The {ine droplets track
the clectric field created by the inductive charging ring. The drawn charge
increascs linearly with the increase in the liquid flow rate as well as the applied
charging voltage. Droplet size decreases due to the increase in the injection
pressure of a charged spray. Also the droplet size increases with the increase in
the liquid viscosity of the charged spray. The cffect of these parameters is
almost consistent with that found in the uncharged spray. Regarding the
sccond part of this work, which covers the cffect of noncircular injection nozzle
on the dispersion of two-phase jet, a direct numerical simulation code was
developed to simulate this problem. Lagrangian approach is adopted for the
droplet phase with cach individual droplet being solved with complcle two way
coupling. Duc to the limitation of the computational capability of the currently



available supercomputers the solution is restricted to Reynolds number equal
500. According to the obtained results it has been found that, the two-phase
jets entrain more gas than the single-phase counterpart. Also the potential core
of the two-phase jct is one order of magnitude lower than the single-phase
counterpart.  The noncircular jets, specifically the elliptic, rectangular and
triangular have much higher entrainment gas compared with the circular jet.
Concerning the droplet number density, liquid mass and cvaporated specics
distributions, it is shown that the elliptic jet is the optimal configuration for
combining good droplet dispersion with good vapor mixing characleristics.

This work is important in. the areas of improving mixture preparations in
combustion systems, environmental studies and other spray processes.
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